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Samples of the 5050 mixtures of D1-C1 and D2-C1 were purified 
as colorless liquids by preparative GLC for characterization:'6 'H 
NMR (neat, D,O lock) 6 -0.20 (br s, 12 H), 0.42 (m, 1 H), 0.52 
(s,9 H), 1.26 (m, 2 H), 6.96-7.02 (br m, 5 H); MS, m / z  (relative 
intensity) 297 (12, P - E), 298 (4)) 299 (5), 300 (l), 147 (loo), 141 
(lo), 121 (16), 73 (31), 45 (15). Anal. Calcd for Cl6HSSi2Ck c, 
61.39; H, 9.34. Found C, 61.14; H, 9.37. 

Free Radical Chlorination of D1-H and D2-H. To a solution 
of 1.0 mL (3.5 mmol) of a 3862 mixture of D1-H and D2-H in 
25 mL of carbon tetrachloride was added 6.8 mg of benzoyl 
peroxide, and the resulting solution was refluxed for 12 h. GLC 
analysis of the reaction mixture indicated the formation of a 3862 
mixture of D1-C1 and D2-C1 in 90% yield. When the same reaction 
was carried out by using a 595 mixture of D1-H and D2-H, there 
was obtained a 93% yield of a 595 mixture of D1-C1 and D2-C1. 

Methanolysis of Dl-Cl and D2-C1. To a solution of 1 mL 
of dry methanol and 2 mL of cyclohexylamine in 30 mL of pentane 
cooled to 0 OC was added dropwise a solution of 0.92 g (2.9 "01) 
of a 38:62 mixture of D1-C1 and D2-C1 in 15 mL of pentane. The 
reaction mixture was stirred for 4 h after the formation of the 
amine hydrochloride precipitate was observed. After hydrolytic 
workup and solvent evaporation under reduced pressure GLC 
analysis showed a 90% yield of a 62:38 mixture of D1-OMe and 
D2-OMe. A similar experiment using a 595 mixture of Dl-Cl and 
D2-C1 gave a 937 mixture of D1-OMe and D2-OMe in 88% yield. 
2-Fluoro-2-phenyl-5,5-dimethyl-3-(trimethylsilyl)-2-sila- 

hexane, D1- and D2-F. To a solution of 0.43 mL (3.5 mmol) 
of boron trifluoride etherate in 5 mL of ether was added 1.0 mL 
(3.5 mmol) of a 3565 mixture of D1-OMe and D2-OMe. After 
the mixture was stirred for 12 h, GLC analysis of the mixture 
showed the formation of a 6634 mixture of D1-F and D2-F in 
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90% yield. A similar reaction starting with a 595 mixture of 
D1-OMe and D2-OMe gave a 91% yield of a 937 mixture of D1-F 
and D2-F. Pure mixtures of the diastereomers were isolated by 
preparative GLC for characterization as colorless liquids: 'H NMR 
(neat, D,O lock) 6 -0.30 (8,  9 H), 0.28 (d, JH-F = 2.86 Hz, 3 H), 
0.13 (m, 1 H), 0.49 (8, 9 H), 1.26 (m, 2 H), 6.89-7.20 (br, 5 H); 
MS, m/z (relative intensity) 281 (9, P - 15), 204 (13), 147 (loo), 
141 (14), 121 (19), 73 (39), 59 (lo), 45 (12). Anal. Calcd for 
C16H&i2F: C, 64.80; H, 9.86. Found C, 64.94; H, 9.84. 

Lithium Aluminum Hydride Reduction of D1- and D2-F 
to D1- and D2-H. To a stirred mixture of 50 mg (1.4 mmol) of 
lithium aluminum hydride in 3 mL of ether was added 0.90 g (3.0 
mmol) of a 66:34 mixture of D1-F and D2-F. After the mixture 
was stirred at room temperature for 12 h, GLC analysis showed 
the formation of a 90% yield of a 3070 mixture of D1-H and D2-H. 
When the reduction was carried out by using a 93:7 mixture of 
D1-F and D2-F, there was obtained an 892 mixture of D1-H and 
D2-H in 91% yield. 
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Thermolysis of diazo.2,2-dimethyl-3,4,5,6-tetraphenyl-2-s~~clohe~-3,5-diene resulted in the formation 
of 1,2,3,4-tetraphenyl-6,6-dimethyl-6-ailafulvene by the ring contraction of 2,2-dimethyl-3,4,5,6-tetra- 
phenyl-2-silacyclohexa-3,5-dienylidene. Silacyclopentadienylmethylene generated from thermolysis and 
photolysis of (1-methyl-2,3,4,5-tetraphenyl-l-silacyclopentadienyl)diazomethane and (l-methyl-2,3,4,5- 
tetraphenyl-l-silacyclopentadieny1)diazirine rearranged to 2,3,4,5-tetraphenyl-l-silatoluene by the ring 
ex ansion and to 1,2,3,4-tetraphenyl-6-methyl-5-silafulvene by 1,2 migration of a methyl group. These 

of 1-methyl-2,3,4,5-tetraphenyl-l-silacyclopentadienyl)diazoethane gave normal carbene products. The 
reactions of cyclic silyl diazo compounds diazo-2,2-diphenyl-4-bromo-l,2-dihydro-2-silanaphthalene and 
l0-diazo-9,9-dimethyl-9,lO-dihydro-9-silaanthracene are also described. 

sp P -hybridized silicon species were successfully trapped by alcohols, ketone, and diene. However, photolysis 

Introduction carbenes? silylphenylcarbenes,4 (trimethyl~ilyl)carbene,~ 
dieilylcarbenes,6 and their derivatives have been reported. recent years, interest in the of a-silvl- 

carbenes has-remarkably increased,' and detailed studies 
of a-silylcarbenes; silylcarboalkoxycarbenes,2 silylketo- 

(1) Sekiguchi, A.; Ando, W. J. Synth. Org. Chem. Jpn. 1977,35,897. 
( 2 )  (a) Sch6llkopf, U.; Hoppe, D.; Rieber, N.; Jacobi, V. Ann. 1969,730, 

1. (b) Ando, W.; Hagiwara, T.; Migita, T. J. Am. Chem. SOC. 1973,95, 
7518. (c) Ando, W.; Sekiguchi, A.; Migita, T.; Kammuia, S.; Green, M.; 
Jones, M., Jr. J. Am. Chem. SOC. 1976,97,3818. (d) Ando, W.; Sekiguchi, 
A.; Hagiwara, T.; Migita, T.; Chowdhry, V.; Weatheimer, F. H.; Kammula, 
S. L.; Green, M.; Jones, M., Jr. J. Am. Chem. SOC. 1979,101, 6393. (e) 
Ando, W.; Sekiguchi, A.; Sato, T. J .  Am. Chem. SOC. 1981,103,5573. (0 
Ando, W.; Sekiguchi, A.; Sato, T. J. Am. Chem. SOC. 1982, 104, 6830. 

0276-7333/85/2304-0584$01.50/0 

(3) (a) Sekiguchi, A.; Ando, W. J.  Am. Chem. SOC. 1984,106,1486. (b) 
Kruglaya, 0. A.; Fedot'eva, I. B.; Fedot'ev, B. V.; Kalikhman, I. D.; 
Brodekaya, E. I.; Vyazankin, N. S. J. Organomet. Chem. 1977,142,155. 

(4) (a) Ando, W.; Sekiguchi, A.; Hagiwara, T.; Migita, T. J. Chem. SOC., 
Chem. Commun. 1974, 372. (b) Ando, W.; Sekiguchi, A.; Ogiwara, J.; 
Migita, T. J .  Chem. Soc., Chem. Commun. 1975,145. (c) Barton, T. J.; 
Kilgour, J. A.; Gallucci, R. R.; Rothschild, A. J.; Slutaky, J.; Wolf, A. D.; 
Jones, M., Jr. J.  Am. Chem. SOC. 1975,97,657. (d) Ando, W.; Sekiguchi, 
A.; Rothachild, A. J.; Gallucci, R. R.; Jones, M., Jr.; Barton, T. J.; Kilgour, 
J. A. J. Am. Chem. SOC. 1977, 99, 6995. (e) Sekiguchi, A.; Ando, W. 
Tetrahedron Lett. 1979, 4077. (0 Sekiguchi, A.; Ando, W. J.  Org. Chem. 
1980, 45, 5286. 
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Silabenzene and Silafulvene 

The proposed intramolecular reaction of a-silylcarbenes 
to produce reactive sp2-hybridized silicons (silenes) has 
attracted interest in particular. However, the silylcarbenes 
investigated so far have been linear and simply substituted 
ones, and no systematic study of cyclic silylcarbenes has 
been reported.' Cyclic silylcarbenes 1-3 are particularly 
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Scheme I 

1 2 3 

interesting because they are expected to produce sila- 
benzene by the rearrangement of a substituent on silicon 
atom to a carbene center (1,2 and 1,4 migration of R for 
1 and 2, respectively, and ring expansion for 3). Sila- 
fulvenes would also be expected 'by ring contraction for 1 
and 1,2 migration of R for 3. I t  is well precedented that 
the analogous all-carbon carbenes give benzene derivatives 
by the intramolecular reaction,8 and one could quite rea- 
sonably anticipate cyclic silylcarbenes to behave similarly. 
We report here the detailed study of the cyclic silyl- 
carbenes derived from cyclic silyl diazo compounds: dia- 
zo-2,2-dimethyl-3,4,5,6-tetraphenyl-2-silacyclohexa-3,5- 
diene (4), diazo-2,2-diphenyl-4-bromo-1,2-dihydro-2-sila- 
naphthalene (5), lO-diazo-9,9-dimethyl-9,10-dihydro-9-si- 
laanthracene (6), (l-methy1-2,3,4,6-tetraphenyl- l-silacy- 
clopentadieny1)diazomethane (7), and (l-methyl-2,3,4,5- 
tetraphenyl-14lacyclopentadienyl)diazoethane (8). 

I / \  
Br Me Me / \  

Me Me 
4 5 6 

Ph XPh phpxph / \  
Me C(N2)Me 

/ \  
Me CHN, 

7 8 

Both silabenzeneg and silafulvene1° are attractive mol- 

(5) (a) Kreeger, R. L.; Shechter, H. Tetrahedron Lett. 1975,2061. (b) 
Ando, W.; Sekiguchi, A.; Migita, T. Chem. Lett. 1976,779. (c) Chapman, 
0. L.; Chang, C.-C.; Jung, J.; Kolc, M. E.; Lowe, J. A.; Barton, T. J.; 
Tumey, M. L. J. Am. Chem. SOC. 1976,98,7844. (d) Chedekel, M. R.; 
Skoglund, M.; Kreeger, R. L.; Shechter, H. J. Am. Chem. SOC. 1976,98, 
7846. (e) Mal'taev, A. K.; Korolev, V. A.; Khabashesku, V. N.; Nefedov, 
0. M. Dokl. Akad. Nauk SSSR 1980,251, 1166. 

(6) (a) Barton, T. J.; Hoekman, S. K. J. Am. Chem. SOC. 1980, 102, 
1584. (b) Sekiguchi, A,; Ando, W. Chem. Lett. 1983, 871. 

(7) For preliminary reports of cyclic silylcarbenes see: (a) Sekiguchi, 
A.; Ando, W. J. Am. Chem. SOC. 1981,103,3579. (b) Sekiguchi, A.; Ando, 
W.; Sugawara, T.; Iwamura, H.; Liu, M. T. H. Tetrahedron Lett. 1982, 
23,4095. (c) Ando, W.; Tanikawa, H.; Sekiguchi, A. Tetrahedron Lett. 
1983,24,4245. 

(8) (a) Berdick, T. E.; Levin, R. H.; Wolf, A. D.; Jones, M., Jr. J. Am. 
Chem. SOC. 1973, 95, 5087. (b) Burger, U.; Gandillon, G. Tetrahedron 
Lett. 1979,4281. (c )  Burger, U.; Gandillon, G.; Mareda, J. Helu. Chin.  
Acta 1981, 64, 844. 

(9) (a) Barton, T. J.; Banasiak, D. S. J. Am. Chem. SOC. 1977,99,5199. 
(b) Barton, T. J.; Burns, G. T. J. Am. Chem. SOC. 1978,100, 5246. (c) 
Miirkl, G.; Hofmeister, P. Angew. Chem., Znt. Ed. Engl. 1979,18,789. (d) 
Bock, H.; Bowling, R. A.; Solouki, B.; Barton, T. J.; Burns, G. T. J. Am. 
Chem. SOC. 1980,102,429. (e) Solouki, B.; Roamus, P.; Bock, H.; Maier, 
G. Angew. Chem., Znt. Ed. Engl. 1980,19,51. (f) Barton, T. J.; Vuper, 
M. J. Am. Chem. SOC. 1981,103, 6788. (9) Rich, J. D.; West, R. J. Am. 
Chem. SOC. 1982,104,6884. (h) Gentle, T. M.; Muetterties, E. L. J. Am. 
Chem. SOC. 1983, 105,304. 

10 

12 13 

~ M ~ O H K W C ~ S O ,  

MeOHlCuSD, 1 -'"+ t MepSi(OMe), 
Ph 

Ph 
14 

ecules due to the aromaticity of sp2-hybridized silicon and 
to the enhanced stability of silafulvenes. They have been 
generated by the thermally induced retroene route, p- 
elimination of methoxysilane or lithium chloride. Sila- 
benzenes were spectroscopically confirmed by the matrix 
method at  low temperature.ll Since the notorious insta- 
bility of silenes makes it unlikely that silabenzene or si- 
lafulvene would be stable under normal conditions, it was 
decided to take advantage of the rapid reaction of silenes 
with alcohols, carbonyl compounds, and dienes in the hope 
of isolating trapped products. 

Results and Discussion 
Reactions of Diazo-2,2-dimethyl-3,4,5,6-tetra- 

phenyl-2-silacyclohexa-3,5-diene (4) and Diazo-2,2- 
diphenyl-4-bromo-l,2-dihydro-2-silanaphthalene (5). 
When a benzene solution of 4 containing an excess of 
tert-butyl alcohol was heated in a sealed tube at  ca. 100 
OC in the presence of a catalytic amount of anhydrous 
cupric sulfate, a vigorous reaction occurred with evolution 
of nitrogen and ceased in a few minutes. Separation of the 
reaction mixture by silica gel chromatography gave 
(1,2,3,4-tetraphenylcyclopentadiene-5-yl)dimethyl-~ert- 
butoxysilane (12) in 96% yield as white crystals. The 

(10) (a) Nakadaira, Y.; Sakaba, H.; Sakurai, H. Chem. Lett. 1980,1071. 
(b) Schubert, U.; Rengstl, A. J. Organomet. Chem. 1980,192, C25. (c) 
Barton, T. J.; Burns, G. T.; Arnold, E. V.; Clardy, J. Tetrahedron Lett. 
1981, 22, 7. 

(11) (a) Kreil, C. L.; Chapman, 0. L.; Burns, G. T.; Barton, T. J. J. Am. 
Chem. SOC. 1980,102,841. (b) Maier, G.; Mihm, G.; Reisenauer, H. P. 
Angew. Chem., Znt. Ed. Engl. 1990, 19, 52. (c) Maier, G.; Mihm, G.; 
Reisenauer, H. P. Chem. Ber. 1982, 115, 801. 
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Scheme I1 

Sekiguchi, Tanikawa, and Ando 

Scheme I11 
MeO, ,H 

ph&o phMe Me 

Ph* 

1 \ 
Ph Ph 

- + Ph(R)C=O 

Ph R Ph Ph 

15a, R=Ph 
15b, R=H 

CMe,Si=Ol 

characteristic upfield shift of the silyl methyl groups (-0.23 
ppm in CClJ was observed by the shielding effects of the 
two phenyl rings at 1- and 4-positions. The tert-butoxy- 
silane 12 was also obtained in 84% yield when 4 was re- 
acted with tert-butyl alcohol a t  130 "C in the absence of 
cupric sulfate, but the reaction was very slow (1 h). 

The formation of 12 provides strong evidence for the 
formation of 1,2,3,4-tetraphenyl-6,6-dimethyl-6-&fulvene 
(10) by the migration of a dienyl group to a carbene center 
(Scheme I). No product from 2,3,4,5-tetraphenyl-6- 
methyl-1-silatoluene (ll), which would be formed by the 
methyl migration, was found. It seems reasonable that the 
dipolar form of the silafulvene 10 would have enhanced 
importance because of the stability of the cyclopentadienyl 
anion. 

The evidence for the silafulvene 10 was further sub- 
stantiated by similar reactions with methanol and meth- 
anol-d,. The reaction of 4 with methanol gave 1,2,3,4- 
tetraphenyl-l,3-~yclopentadiene (14) in 91 % yield, prob- 
ably formed by methanolpis of methoxysilane 13. Indeed, 
tert-butoxysilane 12 was found to give the desilylated 
cyclopentadiene 14 in 96% yield under the reaction con- 
ditions. The reaction of 4 with methanol-dl led to the 
formation of 1,2,3,4-tetraphenyl-5,5-dideuterio-1,3-cyclo- 
pentadiene in 95% yield. The peak at 6 3.97 in the NMR 
spectrum, attributed to the methylene protans of the cy- 
clopentadiene, was absent. The mass spectrum (m/e 372 
(M+)) also showed the incorporation of the two deuterium 
atoms. 

Further support for the interveption of 10 was obtained 
by the reaction of 4 with carbonyl compounds. A benzene 
solution of 4 containing an excess of benzophenone was 
subjected to thermolysis a t  ca. 100 "C in the presence of 
cupric sulfate to afford 1,2,3,4,6,6-hexaphenylfulvene (15a) 
in 66% yield as almost black crystall. The fulvene 15a 
was also obtained in 49% yield in the absence of the 
catalyst (Scheme 11). However, the fulvene was not 
formed in the reaction of 1,2,3,4-tetraphenyl-l,3-~yclo- 
pentadiene with benzophenone under the same reaction 
conditions. Since it is well documented that silenes are 
intercepted by carbonyls to produce olefins and silanones 
via pseudo Wittigtype reactions, the fulvene 15a might 
be formed by the reaction of 10 with benzophenone.12 The 
reaction of 4 with benzaldehyde in the presence of cupric 
sulfate produced 1,2,3,4,6-pentaphenylfulvene (15b) in 
44% yield as rust-red crystals. These results show that 
the reaction of 4 occurred only in the direction to form 
6-silafulvene (10). 

The reaction of diazosilanaphthalene 5 was quite dif- 
ferent from that of 4. Thermolysis of 5 in benzene/ 
methanol solution at  100 OC for 5 min in the presence of 
cupric sulfate gave a simple 0-H insertion product 16 in 
96% yield. Photolysis of 5 in methanol also produced 16 
in 74% yield. Produds derived from silanaphthalene 17 
nor benzosilafulvene 18 were absent (Scheme 111). 

5 -k Me0H'C6H6 (or hr) 

I 
Br 

16 

I 
Br 

4 i / p h  or Br & \ SiPh, 

Br 18 

17 

Scheme IV 
Me 
I 

t i e  h e  

19 

H OMe 

, 
Me 

20 

6 e  M e  M e  h e  

21 22 

Reaction of lO-Diazo-9,9-dimethyl-9,1O-dihydro-O- 
silaanthracene (6). Although 1,4 migration of a sub- 
stituent to a carbene center is not so familiar, it has been 
known that the gas-phase pyrolysis of 4,4-dimethyldiazo- 
cyclohexadiene affords p-xylene and toluene.& However, 
an analogous reaction of 4,4-dimethyl-4-silacyclohexadie- 
nylidene did not give ~i1abenzenes.l~ We also expected 
the formation of silaanthracene 20 from dibenzo- 
silacyclohexadienylidene 19 (silaanthracenylidene) via 1,4 
methyl migration. Reaction of 6 was performed in the gas 
phase at ca. 500 OC in a vertical flow pyrolysis apparatus. 
The methanol/benzene solution of 6 was introduced by 
syringe through a septum with a nitrogen stream into the 
heated Pyrex tube. The pyrolysis produced a complex 
product mixture of which the identifiable products were 
21 (15%) and 22 (lo%), and a considerable quantity of 
unidentified materials was formed. Photolysis of 6 in 
methanol produced 22 in 95% yield. No evidence for the 
intermediacy of silanaphthalene 20 was observed (Scheme 
IV). 
Reactions of (l-Methyl-2,3,4,5-tetraphenyl- l-sila- 

cyclopentadieny1)diazomethane (7) and (1-Methyl- 
2,3,4,5-tetrap~enyl-l-silacyclopentadienyl)diazo- 
ethane (8). Ring expansion of silacyclopentadienylcarbene 
3 is expected to provide convenient access to silabenzene. 

(12) Gusel'nikov, L. E.; Nametkin, N .  S .  Chem. Rev. 1979, 79, 529. 
(13) (a) Barton, T. J.; Banasiak, D. S. J. Organomet. Chem. 1978,157, 

255. (b) Coleman, B.; Jones, M., Jr. J. Organomet. Chem. 1979,168,393. 
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Silabenzene and Silafulvene 

Scheme V 
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Table I. Photolysis of 7 and 26 in Alcohols 
Ph 
I Ph H 

\ /  

7 ROH phnph Ph 
t ;;aph H + 

/ \  
Me OR 

/ \  
Me OR 

23 24 

pYJh 

25 26 

Methylcyclopentadienylcarbene is known to produce tol- 
uene together with l-methylbenzvalene and spiro[4.2]- 
heptadiene by ring expansion, 1,4 carbene addition, and 
C-H insertion, respectively.8b*c Arsabenzenes are also 
accessible by similar ring expansions.14 Photolysis of a 
benzene solution of 7 in an excess of methanol gave 1- 
methyl- l-methoxy-2,3,4,5-tetraphenyl-l-silacyclohexa- 
2,4-diene (23) (7%, R = Me), l-methyl-l-methoxy- 
2,3,4,5-tetraphenyl-l-silacyclohexa-2,5-diene (24) (8%, R 
= Me), l-ethyl-l-methoxy-2,3,4,5-tetraphenyl-l-silacyclo- 
pentadiene (25) (19%, R = Me), and (l-methyl-2,3,4,5- 
tetraphenyl-l-silacyclopentadieny1)diazirine (26) (48%) 
(Scheme V).16 Photolysis in methanol-dl afforded similar 
products, and deuterium was incorporated into each of the 
products. 

The products 23 and 24 apparently are derived from 
1,2 and 1,4 addition of methanol to 2,3,4,5-tetraphenyl-l- 
silatoluene (28) which arises by the ring expansion of (1- 
methyl-2,3,4,5-tetraphenyl-l-silacyclopentadienyl)- 
methylene 27. Compound 25 is a product derived from 
1,2,3,4-tetraphenyl-6-methyl-5-silafulvene (29) formed by 
the methyl shift to the carbene center (Scheme VI). 
Similarly, in tert-butyl alcohol, l-methyl-l-tert-butoxy- 
2,3,4,5-tetraphenyl-l-silacyclohexa-2,4-diene (23), (14%, 
R = t-Bu), l-ethyl-l-tert-butoxy-2,3,4,5-tetraphenyl-l-si- 
lacyclopentadiene (25) (15%, R = t-Bu), and the diazirine 
26 (38%) were produced. It is of interest to note that the 
1,4 addition product of tert-butyl alcohol to 28 was not 
found. Since methanol adds to conjugated silenes in a 
stepwise manner, 1,2 and 1,4 addition occurs.16 By con- 
trast, a concerted process might be involved in tert-butyl 
alcohol. 

Diazirine 26 was relatively stable toward the light of a 
wavelength greater than 350 nm. Thus, a benzene solution 
of 7 was irradiated with filtered light (>350 nm) to give 
26 as greenish yellow crystals in 64% yield. Diazirine itself 
also was found to produce the carbene 27 under these 
photochemical conditions. Photolysis of 26 in tert-butyl 
alcohol without the filter solution gave 23 (13%, R = t-Bu), 
25 (19%, R = t-Bu), and 32% of unreacted 26. Photo- 
chemical reactions of 7 and 26 under the various conditions 
are summarized in Table I. The results reveal the unique 
migrating tendency of the groups on silicon atom. Product 

(14) (a) MHrkl, G.; Advena, J.; Hauptmann, H. Tetrahedron Lett. 
1974,303. (b) MHrkl, G.; Hauptmann, H.; Advena, J. Angew. Chem., Znt. 
Ed. Engl. 1972, 11, 441. 

(15) The photochemical rearrangement of 7 to the diazirine 26 is not 
unueual becauee the photoisomerbation of (trimethyleily1)diazomethane 
to (trimethylsiiy1)diazirine has been found. See ref 6c and 5d. 

(16) 1,4 addition of methanol to conjugated eilenes has precedent; see 
ref Sg. (a) Ishikawa, M.; Kumada, M. Adu. Organomet. Chem. 1981,19, 
51. (b) Kyushin, S.; Nakadaira, Y.; Sakurai, H. 47th Annual Meeting of 
the Chemical Society of Japan, Kyoto, April 1983, Abetr 3B 36. 

ratio irr product, 75 time, 
solv 23 24 25 26 23  + 24/25 substrate h 

~~ 

7 6 MeOH/C,H, 7 8 19 48 0.8 
7 1 8  MeOD/C,H, 3 27 37 9 0.8 

7" 3 MeOH/C,H, 8 6 15 54 0.9 
7 6 t-BuOH/C,H, 14 0 1 5  38 0.9 

'7" 3 t-BuOHIC,H, 1 3  0 1 3  68 1,0 
26 1 2  t-BuOH)C,H; 13  0 19 32 0.7 

CI A methanol solution of phenanthrene (10 g/L) was 
used as a filter solution (path length 1 cm). 

ratio (23 + 24/25) of silabenzene 28 and silafulvene 29 did 
not vary significantly, indicating that the migrating ability 
of the methyl group is almost two times greater than that 
of the vinyl group on the basis of a statistical factor. 

We next turned to the thermal decomposition of 7 and 
26. (Silacyclopentadieny1)diazomethane 7 was thermally 
stable and survived even after being heated in xylene for 
1 h, but it readily decomposed in the presence of cupric 
sulfate to give unidentified polymeric products. In con- 
trast, the diazirine 26 decomposed when heated in the 
absence of the catalyst, and products 23 (4970, R = t-Bu) 
and 25 (31 %, R = t-Bu) were obtained in tert-butyl alcohol 
at 150 "C for 15 min. Similarly, in methanol, 23 (22%, R 
= Me), 24 (2270, R = Me), and 25 (42%, R = Me) were 
formed. 

The silabenzene 28 and silafulvene 29 also were trapped 
by the diene and the carbonyl, respectively. (Silacyclo- 
pentadieny1)diazirine 26 was thermally decomposed in 
2,3-dimethyl-1,3-butadiene to give Diels-Alder adduct 30 
in 14% yield. 1,l-Diphenylpropene was isolated in 14% 
yield in the presence of benzophenone (Scheme VII). 
Although 5-silafulvene 29 has not been reported previously, 
its reactivity seems to be quite similar to that of known 
silenes. 

It is now clear from these results that silabenzene and 
5-silafulvene are involved in the reaction of the silacyclo- 
pentadienylcarbene. However, in the case of (silacyclo- 
pentadieny1)diazoethane 8 hydrogen migration to give a 
vinylsilane is preferred over the migration of dienyl or 
methyl groups. Photolysis of 8 in tert-butyl alcohol re- 
sulted in the formation of l-methyl-l-vinyl-2,3,4,5-tetra- 
phenyl-l-silacyclopentadiene 31 (52 %) and diazirine 32 
(27%). A product from neither silabenzene nor silafulvene 
was found (Scheme VIII). 

Experimental Section 
lH and 13C NMR spectra were recorded with either a Varian 

EM 360A or a JEOL FX-99 spectrometer. IR, mass, and UV 
spectra were obtained on a Hitachi 260-50 spectrometer, a Hitachi 
RMU-6M mass Spectrometer, and a Shimazu UV-365 spectrom- 
eter, respectively. Preparative HPLC wm carried out on a LC-08 
(Japan Analytical Ind. Co., LTD). Preparative gas chromato- 
graphic separations were carried out on an Ohukura gas chro- 
matograph with a 8 mm X 1 m glass column of 10% SF-96 on 
Celite 545. All melting points were uncorrected. 

Materials. Diazo-2,2-dimethyl-3,4,5,6-tetraphenyl-2-sila- 
cyclohexa-3,5-diene (4), diazo-2,2-diphenyl-4-bromo-1,2-di- 
hydro-2-silanaphthalene (5), and lO-diazo-9,9-dimethy1-9,10-di- 
hydro-9-silaanthracene (6) were synthesized according to the 
literarure procedures." 

Preparation of (1-Methyl-2,3,4,5-tetraphenyl-l-silacyclo- 
pentadieny1)diazomethane (7). A mixture of l-methyl-l- 
chloromethyl-2,3,4,5tetraphenyl-l-silacyene (9.8 g, 21.8 
mmol), THF (10 mL), and magnesium (650 mg, 26.7 mmol) was 
placed in a flask and stirred under nitrogen. When the reaction 

(17) Sekiguchi, A.; Ando, W. Bull. Chem. SOC. Jpn.  1982, 55, 1675. 
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Scheme VI 

Sekiguchi, Tanikawa, and Ando 

27 

ph%ph ' 
Me N=N 

26 

Scheme VI1 
Ph Ph 
I I 

26 27 < 28 I 
Me 

30 

Me H 
29 

Ph 

0 

Scheme VI11 
Ph Ph Ph Ph 

a +  h Ph X P h  P h x P h  / x  
Me N=N 

/ \  
Me CH=CH, 

31 32 

started after a few minutes, the flask was cooled to 0 "C and 
additional THF (40 mL) was added. The stirring was continued 
at  0 "C for 1 h and at room temperature for 2 h. The solution 
became deep black-purple. To the Grignard reagent was added 
a solution of diphenylphosphoryl azide, Ph2P(0)N3 (8.0 g, 29.0 
mmol), in THF (10 mL) at  0 "C. The mixture was stirred at 0 
"C for 1 h and at room temperature for 24-72 h. The reaction 
mixture was poured into water and extracted with ether. The 
ethereal solution was dried over anhydrous sodium sulfate. 
Evaporation of the ether gave a yellow solid which was filtered 
to give crude 7. Recrystallization from ether gave pure 7 (7.5 g) 

n 
Me H 

29 

Et OR 

25 

in 78% yield as yellow crystals: mp 154-156 "C dec; NMR (CC14, 
6) 0.58 (s, 3 H, SiMe), 2.88 (8,  1 H, SiCHN2), 6.72-7.28 (m, 20 H, 
ArH); IR (KBr) 2070 cm-I (N2); mass spectrum, m / e  440 (M+) 
and 412 (M+ - 28); UV (hexane) A, (nm) 243 (t 26800) and 365 
(t 7450). Anal. Calcd for C&%N2Si: C, 81.77; H, 5.49; N, 6.35. 
Found: C, 81.51; H, 5.66; N, 6.03. 

Preparation of (1-Methyl-2,3,4,5-tetraphenyl-l-silacyclo- 
pentadieny1)diazirine (26). A solution of 7 (1 g, 2.27 mmol) 
in benzene (100 mL) was placed in a Pyrex tube and irradiated 
with a high-pressure mercury lamp through a methanol solution 
of phenanthrene (10 g/L). The reaction was stopped when the 
absorption of the diazo group (2070 cm-') had almost disappeared. 
Separation of the reaction mixture by silica gel chromatography 
(eluent carbon tetrachloride) gave 26 (637 mg) in 64% yield as 
greenish yellow crystals, recrystallized from pentane: mp >78 
"C dec; NMR (CCq, 6) -0.18 (8,  1 H, CHN2), 0.37 (s, 3 H, SiMe), 
6.76-7.24 (m, 20 H, ArH); '% NMR (CDC13) -7.2 (q), 8.8 (d), 126.1 
(d), 126.6 (d), 127.5 (d), 128.1 (d), 129.1 (d), 129.8 (d), 136.9 (s), 
138.3 (s), 138.7 (s), 156.6 (s) ppm; IR (KBr) 1620 cm-' (N=N); 
mass spectrum, m/e 412 (M+ - 28); W (hexane) &- 245 (t 24 100) 
and 366 (c 8690). Anal. Calcd for C3,,HUN2Si: C, 81.77; H, 5.49; 
N, 6.35. Found C, 81.89; H, 5.58; N, 6.13. 

Preparation of (1-Methyl-2,3,4,5-tetraphenyl-l-silacyclo- 
pentadieny1)diazoethane (8). To a solution of the lithium salt 
of 7 prepared from LiN-i-Pr2 (LDA) (5.60 mmol) and 7 (1.75 g, 
3.97 mmol) was added a solution of methyl iodide (912 mg, 6.42 
mmol) in THF (5 mL) at -77 "C. The mixture was stirred at 0 
"C for 1 h and at room temperature for 2 h. The reaction mixture 
w a ~  poured into ice water and extracted with ether. The ethereal 
solution was dried over anhydrous sodium sulfate and concen- 
trated. The residual orange-yellow solid was collected. Re- 
crystallization from pentane/ether gave pure 8 (1.50 g, 83%) as 
orange-yellow crystals: mp 130-132 "C dec; NMR (CC14, 6 )  0.61 
(8, 3 H, SiMe), 1.26 (e, 3 H, CN2Me), 6.72-7.25 (m, 20 H, ArH); 
IR (KBr) 2030 cm-' (N2); mass spectrum, m / e  454 (M+) and 426 
(M+ - 28). Anal. Calcd for CB1H,N2Sk C, 81.89; H, 5.76; N, 6.16. 
Found: C, 81.82; H, 5.76; N, 5.89. 

Thermolysis of 4 in tert-Butyl Alcohol with Cupric 
Sulfate. A mixture of 4 (252 mg, 0.556 mmol), tert-butyl alcohol 
(3 mL), benzene (3 mL), and anhydrous cupric sulfate (57 mg) 
was heated in a sealed tube at 100 "C for 5 min. Separation by 
silica gel chromatography (eluent benzene) gave 12 (266 mg, 96%) 
as white crystals: mp 147-148 "C; NMR (CC14, 6) -0.23 (s, 6 H, 
SiMe2), 0.80 (8, 9 H, t-Bu), 4.63 (s, 1 H, SiCH), 6.83-7.40 (m, 20 
H, ArH); IR (KBr) 1050 cm-' (SiOC); mass spectrum, m / e  500 
(M'). Anal. Calcd for C3SH360Si: C, 83.94; H, 7.24. Found C, 
83.81; H, 7.25. 

Thermolysis of 4 in tert-Butyl Alcohol. A mixture of 4 (210 
mg, 0.49 mmol), tert-butyl alcohol (3 mL), and benzene (3 mL) 
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Silabenzene and Silafuluene 

was heated in a sealed tube at  130 OC for 1 h. Separation by silica 
gel chromatography gave 12 in 84% yield. 

Thermolysis of 4 in Methanol with Cupric Sulfate. A 
mixture of 4 (248 mg, 0.546 mmol), methanol (3 mL), benzene 
(3 mL), and anhydrous cupric sulfate (50 mg) was heated in a 
sealed tube at  100 "C for 10 min. Separation by silica gel chro- 
matography (eluent benzene) gave 14 (184 mg, 91%), recrystaked 
from benzene/hexane; mp 177-178 "C (lit.'* mp 177-180 "C). 

Thermolysis of 4 in Methanol-dl with Cupric Sulfate. A 
mixture of 4 (202 mg, 0.445 mmol), methanol-dl (3 mL), benzene 
(3 mL), and anhydrous cupric sulfate (53 mg) was heated in a 
sealed tube at 100 "C for 5 min. Separation by silica gel chro- 
matography (eluent benzene) gave 1,2,3,4-tetraphenyl-5,5-di- 
deuterio-l,3-~yclopentadiene (14) (157 mg, 95%), which was re- 
crystallized from benzene/hexane; mp 177-178 "C. The peak at 
6 3.97, attributed to the methylene protons of 1,2,3,4-tetra- 
phenyl-l,3-cyclopentadiene, was absent. Mass spectrum showed 
the strong parent ion peak at  m/e 372. 

Thermolysis of 12 in Methanol with Cupric Sulfate. A 
mixture of 12 (170 mg, 0.339 mmol), methanol (3 mL), benzene 
(1 mL), and anhydrous cupric sulfate (58 mg) was heated in a 
sealed tube at  100 OC for 10 min. Separation by silica gel chro- 
matography (eluent benzene) gave the deailylated cyclopentadiene 
14 (120 mg, 96%). 

Thermolysis of 4 in Benzophenone with Cupric Sulfate. 
A mixture of 4 (151 mg, 0.333 mmol), benzophenone (1.49 g, 8.20 
mmol), benzene (2 mL), and anhydrous cupric sulfate (56 mg) 
was heated in a sealed tube at 100 "C for 10 min. Separation by 
silica gel chromatography (eluent benzene) gave 15a (117.8 mg, 
66%) as almost black crystals, recrystallized from methanol/ 
benzene; mp 300-302 "C (lit.19 mp 301-302 "C). 

Thermolysis of 4 in Benzophenone. A mixture of 4 (175 
mg, 0.39 mmol), benzophenone (1.96 g, 11 mmol), and benzene 
(6 mL) was heated in a sealed tube at 130 "C for 1 h. Separation 
by silica gel chromatography gave 15a in 49% yield. 

Thermolysis of 1,2,3,4-Tetraphenyl- l,3-cyclopentadiene 
14 in Benzophenone with Cupric Sulfate. A mixture of 14 
(40 mg, 0.108 mmol), benzophenone (485 mg, 2.66 mmol), benzene 
(0.7 mL), and anhydrous cupric sulfate (25 mg) was heated in a 
sealed tube at 100 "C for 10 min. The cyclopentadiene 14 was 
recovered, and fulvene 15a was not detected by TLC. 

Thermolysis of 4 in Benzaldehyde with Cupric Sulfate. 
A mixture of 4 (201 mg, 0.442 mmol), benzaldehyde (3 mL), 
benzene (1 mL), and anhydrous cupric sulfate (49 mg) was heated 
in a sealed tube at 100 OC for 5 min. Separation by silica gel 
chromatography (eluent; benzene) gave 15b (89 mg, 44%) as 
rustired crystals, which were recrystallized from methanol/ethanol, 
mp 200-201 OC (1it.l9 mp 200-201 "C). 

Thermolysis of 5 in Methanol with Cupric Sulfate. A 
mixture of 5 (520 mg, 1.29 mmol), methanol (5 mL), benzene (4 
mL), and anhydrous cupric sulfate (73 mg) was heated in a sealed 
tube at 100 OC for 4 h. Separation by silica gel chromatography 
(eluent benzene) followed by HPLC gave 16 (502 mg, 96%): mp 
97-98 "C; NMR (CCh, 6) 3.27 (s,3 H, OMe), 4.63 (8, 1 H, SiCHO), 
6.87-7.90 (m, 15 H, ArH and BrC=CHSi); mass spectrum, m/e 
406 (M+, ?%r) and 408 (M+, slBr). Anal. Calcd for Cz2H190SiBr: 
C, 64.86; H, 4.70. Found: C, 64.65; H, 4.51. 

Photolysis of 5 in Methanol. A solution of 5 (596 mg, 1.48 
mmol), methanol (5 mL), and benzene (4 mL) was irradiated 
through a Pyrex tube with a halogen lamp for 11 h. Separation 
by TLC gave 16 in 74% yield. 

Pyrolysis of 6 with Methanol. Pyrolysis of 6 was performed 
at ca. 500 "C in a vertical flow pyrolysis apparatus which consisted 
of a 28 cm X 1 cm Pyrex tube packed with Pyrex chips. The upper 
end of the tube was equipped with a rubber septum and a nitrogen 
inlet. A 'solution of 6 (106 mg, 0.423 mmol), methanol (3 mL), 
and benzene (0.5 mL) was introduced by syringe through the 
septum with a stream of nitrogen into the heated Pyrex tube. The 
pyrolysates were trapped in a receiver cooled by liquid nitrogen. 
The pyrolysis produced a complex mixture of which the identi- 
fiable products were 21 (15%) and 22 (10%). These products 
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were collected by preparative GLC. Product 21 was identified 
by comparison of ita NMFt and IR spectra with those of authentic 
samples. Product 22 was identified by its NMR, IR, and mass 
spectra and elemental analysis: mp 88-89 "C; NMR (CCl,, 6) 0.45 
(s, 3 H, SiMe), 0.52 (s, 3 H, SiMe), 3.08 (s, 3 H, OMe), 4.88 (s, 
1 H, ArCHO), 7.03-7.73 (m, 8 H, ArH); mass spectrum, m/e 254 
(M'). Anal. Calcd for CIBHIBOSi: C, 75.53; H, 7.13. Found C, 
75.66; H, 7.14. 

Photolysis of 6 in Methanol. A solution of 6 (103 mg, 0.414 
mmol), methanol (3 mL), and benzene (0.5 mL) was irradiated 
through a Pyrex tube with a high-pressure mercury lamp for 10 
min. Separation by GLC gave 22 in 95% yield. 

Photolysis of 7 in Methanol. A solution of 7 (300 mg, 0.681 
mmol), methanol (1 mL), and benzene (5 mL) was irradiated 
through a Pyrex tube with a high-pressure mercury lamp for 6 
h. Separation by HPLC followed by silica gel chromatography 
(eluent carbon tetrachloride) gave 21 mg of 23 (R = Me, 7%), 
24 mg of 24 (R = Me, 8%), 58 mg of 25 (R = Me, 19%), and 134 
mg of 26 (48%). The products were identified by the NMR, IR, 
and mass spectra and elemental analyses. 

Compound 23 (R = Me): NMR (CC14, 6) 0.06 (s, 3 H, SiMe), 
2.33 (s, 2 H, SiCH,CPh), 3.63 (8,  3 H, OMe), 6.74-7.14 (m, 20 H, 
ArH); IR (KBr) 1085 cm-' (SiOC); mass spectrum, m/e 444 (M+). 
Anal. Calcd for C31H2sOSi: C, 83.73; H, 6.34. Found: C, 83.74; 
H, 6.40. 

Compound 24 (R = Me), recrystallized from hexane: colorless 
crystals; mp 167-168 "C; NMR (CC14, 6) 0.56 (s,3 H, SiMe), 3.32 
(s, 3 H, OMe), 5.10 (s, 1 H, =CPhCHPhCPh=), 6.30 (s, 1 H, 
SiCH=CPh), 6.80-7.29 (m, 20 H, ArH); IR (KBr) 1085 cm-' 
(SiOC); mass spectrum, m/e 444 (M'). Anal. Calcd for C31H280Si: 
C, 83.73; H, 6.34. Found: C, 83.76; H, 6.41. 

Compound 25 (R = Me), recrystallized from hexane: yellowish 
green crystals; mp 136.5-137.5 "C; NMR (CCl,, 6) 0.98-1.05 (m, 
5 H, SiCH2CH3), 3.58 (s, 3 H, OMe), 6.76-7.24 (m, 20 H, ArH); 
IR (KBr) 1080 cm-l (SiOC); mass spectrum, m/e 444 (M+). Anal. 
Calcd for C31H2eOSi: C, 83.73; H, 6.34. Found C, 83.81; H, 6.37. 

Photolysis of 7 in Methanol-dl. A solution of 7 (300 mg, 0.681 
mmol), methanol-dl (1 mL), and benzene (5 mL) was irradiated 
through a Pyrex tube with a high-pressure mercury lamp for 18 
h. Separation by HPLC followed by silica gel chromatography 
gave deuterated products 23 (R = Me, 3%), 24 (R = Me, 27%), 
25 (R = Me, 37%), and diazirine 26 (9%). 

Compound 23 (R = Me): NMR (CC,, 6) 0.02 (s, 3 H, SiMe), 
2.28 (s, 1 H, SiCHDCPh), 3.63 (e, 3 H, OMe), 6.72-7.28 (m, 20 
H, ArH). 

Compound 24 (R = Me): NMR (CC14, 6) 0.56 (s,3 H, SiMe), 
3.32 (s, 3 H, OMe), 6.27 ( 8 ,  1 H, SiCH=CPh), 6.76-7.40 (m, 20 
H, ArH). 

Compound 25 (R = Me): NMR (CCl,, 6) 0.94-1.00 (m, 4 H, 
SiCHDCH,), 3.56 (s, 3 H, OMe), 6.70-7.22 (m, 20 H, ArH). 

Photolysis of 7 in tert-Butyl Alcohol. A solution of 7 (300 
mg, 0.681 mmol), tert-butyl alcohol (1 mL), and benzene (5 mL) 
was irradiated through a Pyrex tube with a high pressure mercury 
lamp for 6 h. Separation by HPLC followed by silica gel chro- 
matography (eluent carbon tetrachloride) gave 46 mg of 23 (R 
= t-Bu, 14%), 48 mg of 25 (R = t-Bu, E % ) ,  and 107 mg of 26 
(38%). The products were identified by their NMR, IR, mass 
spectra, and elemental analyses. 

Compound 23 (R = t-Bu), recrystallized from hexane: colorless 
crystals; mp 149-150 "C; NMR (CC14, 6) 0.07 (8, 3 H, SiMe), 1.31 
(s,9 H, t-Bu), 2.33 (s, 2 H, SiCH2CPh), 6.70-7.08 (m, 20 H, ArH); 
IR (KBr) 1050 cm-l (SiOC); mass spectrum, m/e 486 (M+). Anal. 
Calcd for CaHaOSi: C, 83.90; H, 7.04. Found C, 83.59; H, 7.14. 
Compound 25 (R = t-Bu), recrystallized from hexane: yellowish 
green crystals; mp 117-118 "C; NMR (CDCl,, 6) 0.98-1.05 (m, 
5 H, SiCH,CH,), 1.24 (8,  9 H, t-Bu), 6.75-7.11 (m, 20 H, ArH); 
13C NMR (CDC13) 5.8 (m), 6.0 (m), 31.3 (q), 74.2 (e), 125.7 (d), 
126.3 (d), 127.6 (d), 127.8 (d), 129.3 (d), 129.7 (d), 137.2 (s), 139.1 
(s), 139.2 (s), 153.9 (8 ) ;  IR (KBr) 1045 cm-' (SiOC). Anal. Calcd 
for CuH340Si: C, 83.90; H, 7.04. Found: C, 83.88; H, 7.08. 

Photolysis of 7 in Methanol through a Filter Solution. A 
solution of 7 (238 mg, 0.541 mmol), methanol (1 mL), and benzene 
(5 mL) was irradiated through a methanol solution of phenan- 
threne with a high-pressure mercury lamp for 3 h. Separation 
by HPLC followed by silica gel chromatography gave 18 mg of 
23 (R = Me, 8%), 15 mg of 24 (R = Me, 6%), 35 mg of 25 (R = 

(18) Pouchert, C. J.; Campbell, J. R. "The Aldrich Library of NMR 
Spectra"; Aldrich Chemical Co.; Milwaukee, WI, 1974; Vol. IV, p 34. 

(19) Day, J. H. Chem. Reu. 1953.53, 167. 
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Me, 15%), and 139 mg of 26 (54%). 
Photolysis of 7 i n  tert-Butyl Alcohol through a Filter 

Solution. A solution of 7 (300 mg, 0.681 mmol), tert-butyl alcohol 
(1 mL), and benzene (5 mL) was irradiated through a methanol 
solution of phenanthrene with a high-pressure mercury lamp for 
13 h. Separation by HPLC followed by silica gel chromatography 
gave 33 mg of 23 (R = t-Bu, 13%), 33 mg of 25 (R = t-Bu, 13%), 
and 157 mg of 26 (68%). 

Photolysis of 26 in  tert-Butyl Alcohol. A solution of 26 
(236 mg, 0.536 mmol), tert-butyl alcohol (1 mL), and benzene (5 
mL) was irradiated through a Pyrex tube with a high-pressure 
mercury lamp for 12 h. Separation by HPLC followed by silica 
gel chromatography gave 33 mg of 23 (R = t-Bu, 13%), 49 mg 
of 25 (R = t-Bu, 19%), and recovered 26 (76 mg, 32%). 

Thermolysis of 26 in tert-Butyl Alcohol. A solution of 26 
(321 mg, 0.730 mmol), tert-butyl alcohol (2 mL), and benzene (4 
mL) was heated in a sealed tube at 150 "C for 10 min. Separation 
by HPLC followed by silica gel chromatography gave 127 mg of 
23 (R = t-Bu, 49%) and 81 mg of 25 (R = t-Bu, 31%). 

Thermolysis of 26 in  Methanol. A solution of 26 (235 mg, 
0.534 mmol), methanol (2 mL), and benzene (4 mL) was heated 
in a sealed tube at 150 "C for 10 min. Separation by HPLC 
followed by silica gel chromatography gave 73 mg of 23 (R = Me, 
22%), 70 mg of 24 (R = Me, 22%), and 135 mg of 25 (R = Me, 
42%). 

Thermolysis of 26 in 2,3-Dimethyl-lf-butadne. A solution 
of 26 (440 mg, 1.00 mmol) in 2,3-dimethyl-l,3-butadiene (5 mL) 
was heated in a sealed tube at 150 "C for 10 min. Separation by 
HPLC followed by silica gel chromatography (eluent carbon 
tetrachloride) gave 30 (70 mg, 14%): NMR (CCl,, 6) 0.52 (s, 3 
H, SiMe), 1.21 (s, 2 H, SiCH2C), 1.64 (8, 3 H, C=CMe), 1.80 (s, 
3 H, C=CMe), 2.01 (br t, 1 H, SiCH), 2.92 (br d, 2 H, SiCCH2), 
6.85-7.27 (m, 20 H, ArH); 13C NMR (CDC13) -4.2 (q), 17.0 (t), 
21.5 (q), 23.4 (q), 29.2 (d), 37.4 (t), 124.7,124.9,125.2,125.5,126.2, 
126.6, 127.5, 127.6, 127.9,128.1, 128.3, 128.4, 129.1,129.8, 130.1 
(s), 131.3 (e), 137.5 (s), 138.0 (s), 141.0 (s), 142.0 (s), 142.8 (s), 143.0 
(s), 146.2 (s), 150.8 (8); IR (CCQ 1250 cm-' (SiMe); m a s  spectrum, 
m / e  494 (M+); high-resolution mass calcd for CsHXSi 494.2427, 
found 494.2424. 

Thermolysis of 26 in Benzophenone. A mixture of 26 (250 
mg, 0.568 mmol) and benzophenone (750 mg, 4.12 mmol) was 
heated in a sealed tube at 150 "C for 10 min. Separation by HPLC 
followed by silica gel chromatography (eluent benzene) gave 

1,l-diphenylpropene (15 mg, 14%) which was identified by com- 
parison of its NMR and IR spectra with those of an authentic 
sample. 

Photolysis of 8 in tert-Butyl Alcohol. A solution of 8 (300 
mg, 0.660 mmol), tert-butyl alcohol (2 mL), and benzene (8 mL) 
was irradiated through a Pyrex tube with a high-pressure mercury 
lamp for 7 h. Separation by HPLC gave 156 mg of 31 (52%) and 
75 mg of diazirine 32 (27%). Products 31 and 32 were identified 
by their NMR, IR, mass spectra, and elemental analyses. 

Compound 31, recrystallized from hexane: yellowish green 
crystals; mp 170-170.5 "C (lit.20 mp 177-178 "C); NMR (CCl,, 
6) 0.58 (8, 3 H, SiMe), 5.76-6.60 (m, 3 H, SiCH=CHz), 6.81-7.30 
(m, 20 H, ArH); IR (KBr) 1250 cm-' (SiMe); mass spectrum, m/e 
426 (M'). Anal. Calcd for C31H26Si: C, 87.27; H, 6.14. Found: 
C, 87.17; H, 6.14. 

Compound 32, recrystallized from pentane: yellowish green 
crystals; mp 142 "C dec; NMR (CC14, 6) 0.21 (s, 3 H, SiMe), 0.91 
(s,3 H, CN2Me), 6.76-7.36 (m, 20 H, ArH); IR (KBr) 1610 cm-' 
(N=N); mass spectrum, m/e 426 (Mt - 28); 13C NMR (CDC13) 
7.5 (q), 15.6 (s), 18.4 (q), 125.6 (d), 126.1 (d), 126.3 (d), 126.6 (d), 
127.6 (d), 127.9 (d), 128.2 (d), 129.1 (d), 129.8 (d), 130.0 (d), 137.3 
(4,138.4 (4,138.7 (81,156.6 (s) ppm. Anal. Calcd for C3,Hd2Si: 
C, 81.89; H, 5.76; N, 6.16. Found: C, 82.08; H, 5.80; N, 5.95. 
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The cationic cis- and truns-IrX(CO)(dppe)z2+ (X = H, C1) species react with nucleophiles, such as HzO, 
OH-, and H-, to afford hydroxycarbonyl and formyl cations of Ir(II1) typified by the species trans-IrH- 
(COOH)(dppe)2+ and trans-IrX(CHO)(dppe)z+. The formyl complexes are protonated by strong acids to 
afford the electrophilic dicationic hydroxycarbene complexes truns-IrX(CH0H) ( d p ~ e ) ~ ~ + .  Reactivities 
and stabilities of these species are discussed. 

Introduction 
The reactions of coordinated carbon monoxide have long 

been a topic of interest because of the involvement of 
carbon monoxide in a variety of organotransition-metal- 

synthesized.'Y2 Catalysis of carbon monoxide hydrogen- 

have received considerable attention. Modeling of species 
thought to be intermediates in these has been 

(3) (a) Muetterties, E. L.; Stein, J. Chem. Rev. 1979, 79,479-490. (b) 
Masters, C. Adu. Organomet. Chem. 1979,17,61-103. (c) Henrici-Olive, 
G.; Olive, S. Angew. Chem. 1976,88,1~-150. (d) Henrici-Olive, G.; Olive, 
S. Angew. Chem., Znt. Ed. Engl. 1976,15, 136-141. 
(4). (a) Ford, P. C., Ed. "Catalytic Activation of Carbon Monoxide"; 

American Chemical Society Washington, DC, 1981; ACS Symp. Ser. No. 
152. (b) Ford, P. C.; Ungermann, C.; Landis, V.; Moya, S. A.; Rinker, R. 
G.; Laine, R. M. Adu. Chem. Ser. 1979, No. 173,81-93. (c )  Ford, P. C. 
Acc. Chem. Res. 1981,14,31-37. (d) Laine, R. M.; Rinker, R. G.; Ford, 
P. C. J. Am. Chem. SOC. 1977,99, 252-253. 

catalyzed reactions in which useful Organic 

ation3 and the water gas shift re&iOn4-10 are two meas that 

(1) (a) Wander, I.; Pino. P., MS. "Organic Syntheses via Metal 
(b) Parshall, G. W. 

(2) Eisenberg, R.; Hendriksen, D. E. Adu. Catal. 1979, 28, 79-172. 
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Carbonyls"; Wiley: 
'Homogeneous Catalysis"; Wiley-Interscience: New York, 1980. 

New York, 1977; Vol. 2. 
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